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Abstract 
In biodegradable polymer nanocomposite, the important factors to determine its properties are polymer, 
biodegradable materials and nano filler. In case of nano filler of organo layer silicate (OLS) the interlayer gallery also 
plays an important role. This research is intended to study the effect of surfactants to the interlayer of OLS by 
sonication. Glycerol monostearate (GMS) and gum rosin (GR) were used to increase the OLS gallery or intercalation 
and the temperature stability as it provides an advantage for OLS to ease the exfoliation process. The relationship 
between OLS and surfactant was examined by X-ray diffraction (XRD) to observe the dispersion of silicate and 
Fourier transform infrared (FTIR) to identify the effect of surfactants. Thermal gravimetric analysis (TGA) was 
carried out to prove that the previous surfactant is already substituted. It was found that pretreatment of OLS with 
sonication using GMS and GR improved the interlayer gallery, and the improvement is getting higher with the 
increasing of concentration. TGA analysis provides that the thermal stability of pretreatment OLS decomposed at 331 
C for GMS and 270 C for GR where is higher than the initial OLS at 269 C.  
 
© 2012 Published by Elsevier Ltd.  
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1.  Introduction 
Monmorillonite (MMT) is one of nano reinforce materials used for polymer nanocomposite [1,2]. 
Organo layer silicate (OLS) is a synthetic montmorillonite that has layer-like shape with organic 
surfactant in the interlayer structure where the arrangement of interlayer structure depends on packing 
density, chain length, temperature [3,4] and head group of organic surfactant [5]. The surfactant structure 
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arrangements can be in mono layer or bilayers form [4]. The nature structure and excellent properties of 
OLS with surfactant in the interlayer structure have significant impacts in improving polymer 
nanocomposite such as mechanical properties, heat resistance, permeability and flammability [2]. By 
intercalating the interlayer structure using organic surfactant until a certain gallery height will lead to ease 
the exfoliation of layer in nanocomposite matrix [3,6]. 
The interlayer structure characterization was mostly performed using X-ray diffraction (XRD) to 
obtain the basal d spacing of the interlayer [2-6] and transmission electron microscope (TEM) to evaluate 
the morphology [7]. However, referring to our previous work [8], XRD method may also fail to 
distinguish the exfoliation. The information about the interlayer structure is defined using Fourier 
transform infra red (FTIR) spectroscopy [3], Raman spectroscopy, nuclear magnetic resonance (NMR) 
[9], and differential scanning calorimeter (DSC). FTIR is used to obtain frequency shifted in CH2 
stretching and scissoring vibration as a function of interlayer chain length and packing density in aliphatic 
structure and out of plane vibration in aromatic structure [4,10].  
Biodegradable polymer using inexpensive renewable resources such as starch produced poor 
mechanical and barrier properties [11,12]. The utilization of starch as biodegradable materials also has 
some difficulties because of fast retro degradation that will lead to degrade while in process [13,14]. 
These disadvantages can be overcome using highly viscous lubricant [13,14]. However, biodegradable 
polymer with OLS as nanofiller will improve the mechanical and barrier properties. OLS should have a 
certain gallery height to get easy the exfoliation by high energy mixing such as sonication [15]. The 
surfactant must have thermally stable in processing temperature to prevent the collapse of OLS gallery. 
In this study OLS was pretreated with surfactant by sonication method. Glycerol monostearate (GM) 
and gum rosin (GR) were used as surfactant that will act as lubricant during the process.  
2.  Experiment 
2.1. Materials 
Cloisite 20A was used as organo clay with type of surfactant quaternary ammonium salt and d-spacing 
of 2.52 nm from Southern Clay Inc., USA. Gum rosin (GR) was obtained from Gondorukem, 
Paninggaran, Indonesia with the grade of w/w and glycerol monostearate (GMS) was provided by 
anonymous local company. The supplied of glycerol monostearate had not detailed specification. Ethanol 
was used as a solvent to dissolve GMS and GR. 
2.2. Preparation and characterization 
The formulation of GMS and GR is given in Table 1. The surfactants were dissolved completely in 
ethanol using magnetic stirrer at 60 C and speed of 500 rpm for approximately 15 min. The Cloisite 20A 
was dispersed in ethanol, and then poured gradually into the solution of GMS and GR, mixed for 15 min 
to obtain a homogenous solution. The mixture was sonicated for 30 min using Ultrasonic Elma, S 80H 
and then dried using a vacuum oven.  
The characterization was included X-ray diffraction (XRD-7000, Shimadzu) with a scan rate of 
0.5 /min, 2 : 2-10  with Cu K  X-ray radiation ( =1.54 Å). Fourier transform infra red (spectroscopy 
FTIR - Tensor 27, Brüker) was conducted using ATR method from a wave number of 4000 to 400 cm-1. 
Thermal gravimetric analysis (TGA – Metler Toledo 851) was performed at 50 – 600 C under nitrogen 
gas atmosphere and then the atmosphere condition was replaced to oxygen for further heating (600 – 900 
C).  
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Table 1. Nomenclature of pre-treatment OLS at 85 wt% ethanol 
Name Glycerol Monostearate, wt% 
Gum Rosin,  
wt% 
Cloisite 20A,  
wt% 
0.5 GMS OLS 5 - 10 
1.0 GMS OLS 7.5 - 7.5 
1.5 GMS OLS 9 - 6 
2.0 GMS OLS 10 - 5 
0.5 GR OLS - 5 10 
1.0 GR OLS - 7.5 7.5 
1.5 GR OLS - 9 6 
2.0 GR OLS - 10 5 
3.  Results and Discussion 
Figure 1 shows XRD graph of the original and pretreated Cloisite 20A. It can be seen that Cloisite 
20A has a strong peak at 2  = 3.502 . This peak shifted to the left, lower diffraction angle when the 
Cloisite 20A was treated with GR and the shifting was continued for the higher concentration of GR. The 
XRD graph of GMS pretreated Cloisite 20A was not clear enough because the limitation of equipment 
(the equipment only can scan from 2 ). At 2  = 2 , it was shown that the line tends to rise became a peak.  
       
Fig 1. XRD graph of GMS and GR pretreated Cloisite 20A using sonication. 
The complete data is represented in Table 2. Basal spacing (d001) was calculated using Bragg’s Law. 
Table 2. XRD analysis of original Cloisite 20A, GMS and GR pretreated Cloisite 20A using sonification. 
Name 2  (o) d001 (nm) 
Cloisite 20A 3.502 2.52 
0.5 GMS OLS < 2 > 4.412 
1.0 GMS OLS < 2 > 4.412 
0.5 GR OLS 2.665 3.311 
1.0 GR OLS 2.325 3.795 
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Fig. 2. Spectrum FTIR of GMS pretreated Cloisite 20A in region of asymmetric and symmetric vibration for CH2 
 
Fig. 3. Spectrum FTIR of GR pretreated Cloisite 20A  in region of out of plane vibration for aromatic ring 
FTIR spectra in region of asymmetric vibration (  ~ 2920 cm-1) and symmetric vibrations (  ~ 2918 
cm-1) of GMS pretreated Cloisite 20A with different concentration are shown in Figure 2. These bands 
correspond to vibration of CH2. Meanwhile for Cloisite 20A the bands occurred at 2921.82 cm-1 and 
2853.22 cm-1. Pretreatment with GMS shifted the band to the lower wave number (see Table 3). In region 
(  ~ 720 cm-1) showed in Figure 3 corresponds to the out of plane vibration for aromatic ring. The peak 
appeared when Cloisite 20A was treated with GR. This indicated that GR substituted the original 
surfactant. The peak shifted from 720.30 to 716.29 cm-1 when the GR concentration increased. The 
shifting from lower frequency to higher frequency was due to the increasing of packing density of 
surfactant, which changed from liquid-like to solid-like environment of intercalated surfactant.  
Table 3 represented the all data FTIR of pretreatment Cloisite 20A with GMS at region asymmetric 
and symmetric vibrations, and GR pretreated Cloisite 20A at region out of plane aromatic vibration of GR 
polycyclic aromatic structure. The FTIR data supported the XRD pattern result that showed the increasing 
of interlayer gallery with increasing surfactants concentration after treatment with high energy mixing or 
sonication.  
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Table 3. FTIR data of GMS pretreated Cloisite 20A and GR pretreated Cloisite 20A 
Name Asymmetric Vibration, vas CH2 (cm-1) 
Symmetric Vibration, vs CH2 
(cm-1) 
Cloisite 20A 2921.82 2853.22 
0.5 GMS OLS 2920.33 2852.08 
1.0 GMS OLS 2918.72 2850.77 
1.5 GMS OLS 2917.63 2850.66 
2.0 GMS OLS 2917.74 2850.76 
 Out of Plane Vibration Aromatic  (cm-1) 
Cloisite 20A - 
0.5 GR OLS 720.30 
1.0 GR OLS 718.30 
1.5 GR OLS 717.47 
2.0 GR OLS 716.29 
Table 4 shows the thermal stability of GMS pretreated Cloisite 20A and GR pretreated Cloisite 20A. 
GMS pretreated Cloisite 20A decomposed at higher temperature than original Cloisite 20A. While GR 
pretreated Cloisite 20A has a lower decomposition temperature than the original Cloisite 20A for low 
concentration, and relatively no significant different in the high concentration. The result might indicate 
that GMS and GR substituted the original surfactant and it is consistent with FTIR result.  
Table 4. TGA data of GMS pretreated Cloisite 20A and GR pretreated Cloisite 20A. 
Name Decomposition Temperature (oC) 
Cloisite 20A 269.15 
0.5 GMS OLS 314.49 
1.0 GMS OLS 331.74 
0.5 GR OLS 259.07 
1.0 GR OLS 270.79 
4.  Conclusion 
Up to a certain concentration, the addition of glycerol monostearate and gum rosin increased the 
interlayer gallery of montmorilonite. The increasing of the interlayer gallery leads to ease the exfoliation 
for biodegradable polymer preparation. Both glycerol monostearate and gum rosin have a better thermal 
stability than original Cloisite 20A and are useful for further processing to develop biodegradable 
nanocomposite. It was expected that the surfactant is stable in the interlayer gallery during the 
biodegradable compounding.  
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